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(57)Abstract: 

PROBLEM TO BE SOLVED: To make a curve of a magnetization transition region 
recorded on a medium small by using a high saturation flux density material for an 
upper magnetic pole material, and selecting a higher saturation flux density than that 
of a lower magnetic pole. 

SOLUTION: An upper shield film 13 serves also as a lower magnetic pole of a recording 
head, and this lower magnetic pole 13 is projecting in the direction of the upper 
magnetic pole, and the upper width Wg2 of this projection decides a recording gap width. 
A recording gap 15 is formed on the lower magnetic pole 13, and the upper magnetic 



pole 14 is arranged thereon. For this upper magnetic pole material, a material with a 
higher saturation flux density than that of a lower magnetic pole is selected. A 
geometric width Wgl of the upper magnetic pole 14 is made to be at least 1.5-2 times as 
long as the recording gap length on one side than the projection width Wg2 of the lower 
magnetic pole 13. In such a manner, information is recorded by using a recording 
magnetic field leaking to the medium counter face side from the recording gap 15 
constituted by the upper magnetic pole 14 and the lower magnetic pole 13. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The high-density record reproducing head characterized by to 
constitute from an ingredient which has bigger saturation magnetic flux density 
than the saturation magnetic flux density of the ingredient with which the head 
for record and the head for playback become independent, each is formed on 
the same substrate, and the width of face by the side of the record gap of the 
leading side magnetic pole of the head for record constitutes a leading side 
magnetic pole for a trailing side magnetic pole from width of face by the side of 
the record gap of a trailing side magnetic pole in the compound-die magnetic 
head of narrow structure. 



[Claim 2] The head for record and the head for playback become independent, 
and each is formed on the same substrate and sets to the compound-die 
magnetic head of the structure where the width of face by the side of the record 
gap of the leading side magnetic pole of the head for record is narrower than the 
width of face by the side of the record gap of a trailing side magnetic pole. The 
high density record reproducing head characterized by having constituted the 
trailing side magnetic pole from two or more kinds of cascade screens, and 
constituting the saturation magnetic flux density of the ingredient of the side 
nearest to a record gap at least from an ingredient of a bigger value than the 
saturation magnetic flux density of the ingredient which constitutes a leading 
side magnetic pole. 

[Claim 3] The high track density magnetic recorder and reproducing device 
characterized by carrying the high density record reproducing head of claim 1 or 
claim 2 **. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the suitable compound-die 
magnetic head to perform high-density magnetic-recording playback especially 
and a record regenerative apparatus about the record regenerative apparatus 
which used the compound-die magnetic head and this compound-die magnetic 
head. 



[0002] 

[Description of the Prior Art] Since it corresponds to small large capacity-ization 
of a magnetic recording medium, the surface recording density of a record 
medium is rising at a high rate called an annual rate of about 60% for the past 
several years. Thus, it is greatly dependent on various techniques, such as 
efficient [ of the high coercive force of a record medium, a low noise-ized 
technique and the record reproducing head ], a high-increase-in-power 
technique, a low surfacing-ized technique between head media, a 
signal-processing technique, and a high precision servo technique, having 
complemented mutually, and having suited and progressed to continue 
advanced growth. 

[0003] In the magnetic head, by development of the compound-die magnetic 
head which separated the object for record, and the object for playback, record 
and the design of the reproducing head can optimize now by each, and it has 
contributed to the increment in the recording density for the past several years 
greatly. Since it is not dependent on the relative velocity between a head and a 
medium and the magneto-resistive effect mold components (MR component, 
GMR component, etc.) used especially as the reproducing head can perform a 



high power design, minor-diameter-izing of a medium and thin film-ization are 
attained and they have become an indispensable technique in the small 
magnetic recording medium which adopted the medium of 2.5 inches and the 
diameter of 3.5 inch. Although the recording head which is another important 
element of the compound-die magnetic head is on extension of the technique of 
the conventional inductive head, since a tip configuration is improved so that 
high density truck formation can be performed and it corresponds to a RF, 
ingredient development etc. has been made. It increases also to it and the place 
in which the demand to the densification from a user declines is just going to be 
demanded of not knowing and the more and more ED. 

[0004] Drawing 2 (1) shows the configuration when seeing the compound-die 
magnetic head of present most fundamental configuration of being called a 
merge mold combined head from a medium opposed face side (ABS side). 
Record to a medium is performed using the disclosure field from the record gap 
125 of the nonmagnetic section inserted by the lower magnetic pole 123 and the 
up magnetic pole 124. Usually, with the head of this configuration, to a medium, 
the lower magnetic pole 123 precedes (leading side), and the up magnetic pole 
124 moves about it (trailing side). For this reason, actual magnetic information is 



formed with the edge by the side of the record gap of the up magnetic pole 124 
which becomes a trailing side. Playback of the recorded magnetic information is 
performed using the magneto-resistive effect component (MR component, GMR 
component) 126. The magneto-resistive effect component 126 is having 
structure inserted with the lower magnetic-shielding film 121 and the up 
magnetic-shielding film (the lower magnetic pole and combination for record) 
123, and is arranged in the playback gap formed with these two magnetic films. 
By the magneto-resistive effect component component 126, a record pattern is 
changed into resistance change from the MAG, and is sent to amplifier (not 
shown) through the electrodes 122 and 127 on either side. 
[0005] In order to use a magnetic film with common magnetic shielding of the 
upper part for playback and lower magnetic pole for record in the case of such a 
head of structure, it is called a merge (Merge) mold combined head. It is drawing 
3 which explained the record process of a merge mold combined head to the 
detail to a slight degree. In drawing 3 , only the part which contributes to record 
is shown and the reproducing head is omitted. Moreover, the thickness of the 
lower magnetic pole 123 is also thinly expressed short from the actual thing 
compared with the up magnetic pole 124. 



[0006] Drawing 3 (1) traces the result of having calculated field distribution, such 
as generating when a current is passed in the coil of the merge mold head of 
drawing 2 (1), by the computer. The main conditions used for count are 1.0 
teslas, and 1.0 teslas of saturation magnetic flux density of record gap width of 
face (Wg5) of 1.0 micrometers, 0.3 micrometers (b1) of record gap lengths, 1.5 
micrometers of depth of gap, and the up magnetic pole 124 and the lower 
magnetic pole 123 of record magnetomotive force are also 0.5ATs. The curve 31 
shows the field where the component within a field of the magnetic field strength 
in the location which separated 70nm from the pole face of a recording head 
serves as 2200 oersteds. The reason for having chosen 2200 oersteds is 
because the coercive force of a record medium was assumed to be 2200 
oersteds. That is, it has the magnetic field strength which surpasses medium 
coercive force by the inside of the field shown with the curve 31 . It will follow and 
magnetization transition will be formed by the boundary line. The ****** curve 31 
becomes Taira and others mostly by the record gap side of the lower magnetic 
pole 123 which becomes a leading side, and becomes the trapezoid 
configuration which has a lobe in both sides by the record gap side of the up 
magnetic pole 124 by the side of trailing. Thus, since the up magnetic pole 124 is 



limited to the truck cross direction, because magnetic flux concentrates on the 
edge, the part shown in a field 32 (the same is said of left) is saturated 
magnetically and a disclosure field is strengthened, it has a lobe in the up pole 
tip section. It is drawing 3 (2) which showed the direction of the magnetization at 
this time typically. Mostly, to being a vertical component, by the truck edge 
circles side, it is the direction of the inner sense a little, and, outside, is further 
suitable in the center of a record gap at a gap in the direction of a truck edge. It is 
thought that the magnetization direction recorded on a medium is magnetized in 
the direction mostly shown in this drawing 3 (2). 

[0007] Drawing 3 (3) shows the mimetic diagram when recording the signal of 

v. 

low frequency to the directions medium, such as inside of a field, with such a 
head. A magnetization transition region becomes the form where the field curves 
near the up magnetic pole of a head etc. are met, and it was raised right and left, 
and a large elimination field exists in the right and left. When recording a signal 
on a medium, since the lower magnetic pole 123 becomes a leading side, only 
the width of face of the trapezoid base length E1 of the field curve 31 is 
eliminated first, and a magnetization transition region (We) is formed (Ee) and 
after that by the width of face shown by the trailing side width of face W1. An 



elimination field becomes large and it becomes difficult to form a narrow track 
magnetization pattern, so that the difference of W1 and E1 is large. Moreover, 
when the recording density of a head travelling direction is high (the bit density 
direction), since a magnetization transition region becomes is hard to be formed 
(vertical substantial bit spacing becomes narrow in a magnetization transition 
region since the magnetization transition region leans to the truck), in the place 
where the deflection of field curves, such as the up magnetic pole 124 side, is 
steep, a recording width will decrease further. In order to raise the consistency of 
the truck cross direction, the head of structure which becomes equal about the 
elimination field width of face (Ee) equivalent to E1 and the record section width 
of face (We) equivalent to W1 is required. 
[0008] 

[Problem(s) to be Solved by the Invention] There is JP, 2-20881 2, A as a 
well-known example which was going to solve the above problems. The merge 
mold combined head by this well-known example is shown in drawing 2 (2). 
Drawing 2 (2) shows the outline when seeing a head magnetic pole from a 
medium opposed face like drawing 2 (1). In order that this head may prevent the 
breadth of a record field, it is the description to have doubled with the dimension 



by the side of the record gap 225 of the up magnetic pole 224 the geometrical 
dimension by the side of the record gap of the magnetic substance 223 which is 
a lower [ up shielding-cum-] magnetic pole. About other parts, it is the same as 
the head of the structure of drawing 2 (1). Moreover, in this drawing 2 (2), the 
truck cross direction dimension of a shielding part is expressed shorter than an 
actual thing. 

[0009] The result of having calculated field curves, such as inside of the field by 
the head of drawing 2 (2), is shown in drawing 4 (1). The main conditions used 
for count are the same with the case of drawing 3 (1), the saturation magnetic 
flux density of record gap width of face (Wg6) of 1.0 micrometers, 0.3 
micrometers of record gap lengths, 1.5 micrometers of depth of gap, the up 
magnetic pole 224, and the lower magnetic pole 223 is 1.0 teslas, and both 
record magnetomotive force is 0.5ATs. The curve 41 shows the field where the 
component within a field of the magnetic field strength of the location which 
separated 70nm from the pole face of a recording head serves as 2200 oersteds. 
E2 which is equivalent to elimination width of face from this result compared with 
the head of drawing 2 (1) decreases compared with E1 of above-mentioned 
drawing 3 (1), and is ** or **** to the geometrical dimension Wg6. Although 



drawing 4 (2) is the mimetic diagram of the record pattern on a medium, as 
shown in drawing, elimination field width of face also decreases from the 
example of drawing 3 (3). Moreover, the saturation of the magnetic flux of the 
record gap side both ends of the part to which the lower magnetic pole 223 
decreased crosswise [ truck ], and the up magnetic pole 224 is eased, a lobe 
decreases, and it also turns out the deflection of a magnetization transition 
region, and that it is eased a little. These results are supported also from the 
result of magnetization pattern observation of the record medium under a 
magnetic force microscope (MFM). However, the design which can be in 
agreement with a recording head like this drawing 4 (1) in the width of face E2 of 
elimination and the width of face W2 of record is difficult. 
[0010] Moreover, as latest well-known example, there is JP,9-305921,A, for 
example. The merge mold combined head by this well-known example is shown 
in drawing 2 (3). The outline when drawing 2 (3) looks at a head magnetic pole 
from a medium opposed face like drawing 2 (1) and drawing 2 (2) is shown. This 
head makes a convex configuration the lower magnetic pole 323 as well as the 
head of drawing (2) 2, and makes width of face by the side of the record gap of 
the up magnetic pole 324 further larger than the width of face of the convex 



upper part of the lower magnetic pole 323. About other parts, it is the same as 
the structure of drawing 2 (1 ) and drawing 2 (2), and the same is said of the truck 
cross direction dimension of a shielding part expressing shorter than an actual 
thing. 

[0011] Since recording track width of face does not need to be decided by the 
heights of a lower magnetic pole and does not need to make the width of face of 
an up magnetic pole narrowly to a truck width method like drawing 2 (1) and the 
merge mold combined head of the drawing 2 (2) conventional structure, this 
well-known example Although it is what aimed at the effectiveness that a 
process margin spread by a process becoming easy and neither reduction of the 
deflection of the magnetization transition region of a truck edge nor reduction of 
elimination width of face is described at all, it is guessed by the following 
considerations that ****** is in a head like drawing 2 (2) to a ratio. 
[0012] Drawing 5 (1) calculates field curves, such as inside of the field by the 
head of drawing 2 (3). The main count conditions are fundamentally [ making the 
up magnetic pole 324 and the lower magnetic pole 323 into 1.0 teslas of 
saturation magnetic flux density etc. / as the case of drawing 3 (1) and drawing 4 
(1) ] the same except having set width of face Wg7 of the up pole 324 to 1.5 



micrometers (1 .5 times of the record gap width of face Wg8). Although the curve 
51 showed the field where the component within a field of the magnetic field 
strength in the location which separated 70nm from the pole face of a recording 
head serves as 2200 oersteds, this ******** 51 becomes the relation which 
carried out the upper and lower sides to the field curves 31, such as structure, 
mostly reverse conventionally which was shown in drawing 3 (1). It is shown that 
are what presumed the situation of the magnetization transition region (record 
pattern) of a medium, and magnetization transition region width of face 
(equivalent to the width of recording track) is set to Wm1, drawing 5 (2) of this 
width of face is equal to recording-width W3 and the demagnetization pole E3, 
and that of most of the elimination field of both the sides is lost, and its deflection 
of a truck edge also decreases. 

[0013] As mentioned above, according to the head indicated by JP,9-305921,A, 
it is guessed that effectiveness is in reduction of the deflection of the 
magnetization transition region of a truck edge and reduction of elimination width 
of face, but only by manipulating the geometric-like structure of an up magnetic 
pole and a lower magnetic pole, there is a limitation and further 
narrow-track-izing and high density record cannot be expected. 



[0014] This invention is made in view of an above-mentioned technical problem, 
there is also no elimination field between the trucks which the place made into 
the purpose has the small deflection of the magnetization transition region 
recorded on the medium, and adjoin, and, moreover, a magnetization transition 
region is to offer the high track density magnetic recorder and reproducing 
device which carried the compound-die magnetic head and this compound-die 
magnetic head of structure suitable for further narrow narrow track and high 
density record. 
[0015] 

[Means for Solving the Problem] The compound-die magnetic head of this 
invention makes a convex configuration the configuration where carried out 
whether the magnetic substance would be made whether a part of lower 
magnetic pole which becomes the leading side of the head for record is etched 
mechanically and chemically from a film surface, or to deposit, and it saw from 
the medium opposed face side, in the direction of an up magnetic pole. The 
height of heights is made into twice [ 1 .5 to / more than ] record gap width of face. 
On the other hand than the record gap side width of face of a lower magnetic 
pole, the width of recording track by the side of the record gap of the up 



magnetic pole which becomes a trailing side is considered as the configuration 
made large more than twice from 1.5 of record gap length at one side at least. 
With the head of drawing 2 (3), although the structure of these lower magnetic 
pole and an up magnetic pole is fundamentally the same, it uses the high 
ingredient of saturation magnetic flux density for the magnetic material of an up 
magnetic pole further by this invention. Thus, it is important for saturation 
magnetic flux density to choose a bigger ingredient than that of a lower magnetic 
pole. In addition, an up magnetic pole may be constituted from an ingredient 
more than two-layer, and saturation magnetic flux density of the ingredient of the 
side near a record gap may be made larger than that of a lower magnetic pole. 
[0016] As a means to create the convex configuration of a lower magnetic pole, 
the above-mentioned convex magnetic pole configuration may consist of these 
fields after medium opposed face formation (after a surfacing side lap) 
beforehand by the processing method which combined the milling process with 
the resist mask according the up magnetic pole and lower magnetic pole which 
were formed more widely than the predetermined width of recording track to the 
HOTORISO method. The processing depth from the medium opposed face at 
this time is made more than into twice from 1 .5 times of record gap width of face 



at least. The FIB method using an ion beam as the same processing approach is 
also employable. 

[0017] With the record playback discrete-type head concerning this invention, 
there is field distribution, such as a trailing side which participates in record, 
along a truck mostly, it becomes in parallel, and the magnetization transition 
region of the almost same width of face as the geometrical dimension by the side 
of the gap of a lower magnetic pole can be formed. Although explained in full 
detail later, as shown in drawing 6 (1) and drawing 6 (2), since it is large 
compared with the field curve 61 (it corresponds geometrical dimension Wg2 
mostly), such as preceding recording track width of face W4, the elimination 
width of face E4 and a recording width W4 are determined by the up magnetic 
pole side which becomes a trailing side. For this reason, the elimination field of 
the truck both ends surely generated conventionally is lost, and the effective 
magnetic signal in a record track pitch increases. Moreover, by using the high 
ingredient (high Bs ingredient) of saturation magnetic flux density for an up 
magnetic pole, breadth (a recording width and elimination width of face) of a field 
can be made small, and the recording width Wm2 almost equal to the gap side 
dimension Wg2 of a lower magnetic pole is obtained by the medium. 



Consequently, the magnetic disk drive which raised track density [ the 

conventional structure / especially ] is realizable. 

[0018] 

[Embodiment of the Invention] Hereafter, one example of the compound-die 
magnetic head concerning this invention is explained, referring to a drawing. 
Drawing 1 is the top view having shown the compound-die magnetic head in one 
example of this invention from the medium opposed face. In drawing 1 , 11 is 
lower shielding, the die length Wg4 has the die length more than the width of 
face of the magnetic detection sensor section 16 at least, and what formed soft 
magnetic materials, such as a permalloy and Sendust, with a spatter and plating 
is used. The magnetic detection sensor 16 of the head for playback is arranged 
after the lower shielding 11. Although omitted in drawing 1 , a sensor 16 is 
inserted and arranged with a high insulating alumina etc. by nonmagnetic, the 
component which this magnetic detection sensor 16 has the duty which changes 
the magnetic signal on a medium into an electrical signal, and is represented by 
a magneto-resistive effect component (AMR component), a spin bulb 
component, the giant magneto-resistance component (GMR component), etc. -- 
business -- **** . The film which constitutes these components forms 



membranes by the spatter, vacuum evaporation technique, the ion beam 
method, etc. In the both ends of a sensor 16, the formed electrode 12 is similarly 
arranged by the. spatter, vacuum evaporation technique, the ion beam method, 
etc. An electrode 12 achieves the duty which tells change of an electrical 
potential difference to amplifier while supplying a current to the sensor section 
16. For this reason, the polar zone 12 is created using the very low good 
conductor of resistivity. Since the stability of the magnetic detection sensor 16 is 
increased to the polar zone 1 2, the laminating of the permanent magnet film etc. 
may be carried out, and it may be arranged. On the magnetic detection sensor 
16, it insulates electrically and magnetically with an alumina etc., and the up 
shielding film 1 3 is arranged. The die length Wg3 by the side of the sensor of the 
up shielding film 13 needs to be longer than a sensor 16 at least Wg3 and Wg4 
may not be the same length. 

[0019] The up shielding film 13 serves as the lower magnetic pole of the head for 
record, and, below, calls 13 a lower magnetic pole. The direction of an up 
magnetic pole of this lower magnetic pole 13 serves as a convex configuration, 
and record gap width of face is texture **** by the up width of face Wg2 of this 
convex configuration. A lower magnetic pole ingredient has the viewpoint of 



being easy to make the film stabilized magnetically to desirable NiFe (1.0 teslas 
of saturation magnetic flux density). The lower magnetic pole 13 is because it 
serves as the shielding film of the head sensor 16 for playback. On the lower 
magnetic pole 13 (up shielding combination), the record gap 15 is formed with 
an alumina etc., and the up magnetic pole 14 is arranged on it. An up magnetic 
pole ingredient chooses an ingredient with the bigger saturation magnetic flux 
density than the saturation magnetic flux density of a lower magnetic pole 
ingredient. There are amorphous materials, such as the FeNi alloy and CoTaZr 
which increased Fe presentation concretely, and CoNbZr. Moreover, since 
geometric width of face Wg1 of this up magnetic pole 14 is sharply made widely 
rather than the magnetic pole width of face of the conventional structure of 
drawing 2 (1) and drawing 2 (2), it can choose the approach which combined a 
spatter and ion milling as the depository approach in addition to frame plating. 
Since the width of face of ingredient selection will spread greatly if a spatter is 
used, it is also possible to choose the big magnetic substance of specific 
resistance, or to carry out the laminating of an insulator layer and the magnetic 
film in consideration of RF record, and to aim at improvement in specific 
resistance further. In addition, record gap length's twice [ 1.5 times to / more 



than ] as many die length as this is more nearly required for the geometric width 
of face Wg1 of the up magnetic pole 14 than the convex configuration width of 
face Wg2 of the lower magnetic pole 13 at least at one side. However, when the 
dimension of Wg1 ponders the frequency characteristics of a magnetic core etc., 
making it long beyond the need wants to avoid it. This is because frequency 
characteristics will deteriorate if the magnetic mass of the magnetic path which 
**** a coil is large. Thus, information is recorded using the record field which 
leaks from the record gap 15 constituted by the up magnetic pole 14 and the 
lower magnetic pole 13 to a medium opposed face side. 
[0020] The process of record by the recording head of the configuration of 
drawing 1 is explained referring to drawing 6 . Drawing 6 (1) shows only the 
lower magnetic pole 13, the record gap 15, and the up magnetic pole 14 which 
participate in record among the heads of the configuration of drawing 1 . 
Furthermore, the field curve 61, such as being equivalent to the medium 
coercive force searched for by count, is added. As for 1.6 teslas of saturation 
magnetic flux density of record gap width of face (Wg2) of 1.0 micrometers, 0.3 
micrometers of record gap lengths, 1.5 micrometers of depth of gap, and the up 
magnetic pole 14, and the lower magnetic pole 13, 1.0 teslas and the record 



magnetomotive force of the main count conditions are 0.5ATs, and the curve 61 
shows the field where the component within a field of the magnetic field strength 
in the location which separated 70nm from the pole face of a recording head 
serves as 2200 oersteds of coercive force of a record medium. The field curves 
61, such as drawing 6 (1), become the relation which carried out the upper and 
lower sides to the field curves 31, such as structure, mostly like the curve 51 of 
drawing 5 (1) reverse conventionally which was shown in drawing 3 (1). In 
drawing 6 (1), the big difference with the case where the up magnetic pole 324 
and the lower magnetic pole 323 which were shown in previous drawing 5 (1) 
use the ingredient of 1.0 teslas of saturation magnetic flux density is the breadth 
field width of face of the field by the side of the gap of the up magnetic pole 14. 
That is, when a high Bs ingredient (1.6 teslas) is used for the up magnetic pole 
14, the recording track width of face W4 becomes narrow compared with 
recording track width-of-face W3 when the lower part/upper part shown in 
drawing 5 (1) use a 1.0-tesla ingredient so that drawing 6 (1) may show. Since 
the magnetization which generates this from a lower magnetic pole is fixed, it is 
because lateral breadth becomes small, so that the saturation magnetic flux 
density of the up magnetic pole which becomes the side to receive is high. 



[0021] Considering the case where a medium is fixed, a head moves toward the 
bottom from a top by space. For this reason, although a signal is recorded from 
lower magnetic pole side which becomes leading side 13, the field curves 61, 
such as the up magnetic pole 14 by the side of trailing which passes at the end, 
are met, and a magnetization transition region is formed. Consequently, the 
deflection in the truck edge of the magnetization transition region seen when it 
recorded with structure conventionally shown by drawing 3 or drawing 4 is lost, 
and formation of a record pattern without the signal elimination field seen to truck 
both ends is attained. And when the ingredient of the saturation magnetic flux 
density with same up magnetic pole and lower magnetic pole which were shown 
by drawing 5 is used, the ****** width of recording track is narrowly made to a 
ratio. What presumed the situation of the magnetization transition region when 
recording with the head of drawing 6 (1) is shown in drawing 6 (2). Magnetization 
transition region width of face (equivalent to the width of recording track) is set to 
Wm2, this width of face is equal to the recording track width of face W4 and the 
elimination width of face E4, and an elimination field does not exist in both the 
sides. Moreover, this magnetization transition region width of face Wm2 is still 
narrower compared with Wm1 shown in previous drawing 5 (2). The width of 



face of Wm2 becomes close to the geometrical dimension Wg2 of a lower 
magnetic pole compared with Wm1 of the head of drawing 5 (1), and can 
improve track density further. 

[0022] Drawing 7 shows typically the situation when recording a magnetization 
pattern on a medium 700 using the recording head by this example. By drawing 
7 , a medium 700 is fixed and the time of a head moving downward from a top in 
a space top is shown. The skew include angle of a head shows drawing 7 (1), 
and drawing 7 (2) shows the case of 25 degrees 0 times. In drawing 7 (1), the 
magnetization pattern 707 is beforehand written on the recording track of the 
neighbors through which a head 705 passes. While the recording head 705 by 
this example records the magnetization pattern 702 on a predetermined truck, it 
passes from a top to the bottom. Since a magnetization transition region is met 
and formed in field curves, such as a trailing side, when field curvilinear width of 
face, such as a trailing side, is longer than field curvilinear width of face, such as 
a leading side, the elimination field 703 is not formed in a boundary with 
neighboring recording tracks like this head. Moreover, since there is little 
deflection, the magnetization transition region perpendicular to a travelling 
direction can be formed in field curves, such as a trailing side, over the 



width-of-recording-track whole region. This effectiveness is also the same as 
when an angle of skew is attached to a head, and the elimination field 713 is not 
formed between the magnetization patterns 712 of the oneself confidence 
recorded as the neighboring magnetization patterns 717 as shown in drawing 7 
(2). A magnetization pattern only inclines to a travelling direction by the angle of 
skew, and can form a linear magnetization transition region mostly in a truck side. 
Although detailed explanation is omitted, as shown in drawing 8 (1) and (2), 
since field curvilinear width of face, such as a trailing side, is shorter than field 
curvilinear width of face, such as a leading side, an elimination field will be 
formed in a boundary with neighboring recording tracks with the head of a 
conventional type. When an angle of skew furthermore sticks, the elimination 
field is large in one side, and becomes narrow in the opposite side at it. 
[0023] Thus, compared with the time of recording forming a magnetization 
pattern with the head in this example with the head of structure conventionally, 
there is no elimination field between adjoining trucks, and formation of the 
magnetization pattern of the quality of an excellent article with little deflection of 
the magnetization transition region of self is possible. And a recording width 
almost equal to the gap side dimension of a lower magnetic pole is obtained, and 



track density can be improved. 

[0024] Next, while indicating the compound-die magnetic-head structure by this 
example in three dimensions, referring to drawing 9 , a manufacture process is 
explained briefly. The record playback discrete-type head by this example is 
formed on a substrate 916. What carried out precision polishing of the ceramic 
substrate as a substrate ingredient is used. On a substrate 916, the high 
insulation of aluminum 203 or Si02 grade and a nonmagnetic thin film are used, 
and the laminating of a spatter, vacuum deposition, the CVD method, etc. is 
carried out. Furthermore on it, the magnetic film used as the lower shielding film 
915 for playback is deposited. The soft magnetism film of amorphous nature, 
such as crystalline soft magnetism film, such as a permalloy and Sendust, or 
CoTaZr, etc. can be considered as a magnetic film ingredient. The membrane 
formation approach can choose a spatter, vacuum deposition, etc. Since it 
arranges in order that the lower shielding film 915 may raise the spatial resolving 
power of the magnetic detection sensor 917 mentioned later, when it sees from 
a medium opposed face at least, in the truck cross direction, it must be longer 
than the magnetic detection sensor 917. Moreover, for 2-5 micrometers is 
suitable for thickness. This value was chosen from the purpose of intercepting 



magnetically the inside and outside inserted with shielding. There should just be 
depth lay length of the lower shielding 915 more than the range that covers the 
magnetic detection sensor 917 at least. Since it is an element important for a 
degree to take magnetic stability, i.e., stable magnetic-domain structure, about a 
lower shielding configuration, in consideration of shape anisotropy, it is made 
long to the truck cross direction in many cases. After the lower shielding 915, the 
film of aluminum 203 or Si02 grade is deposited as similarly as the point 
Furthermore, a magnetometric sensor 917 is formed on it. The component which 
changes into an electric (resistance change) signal a magnetic change 
represented by a magneto-resistive effect component (AMR component), a spin 
bulb component, the giant magneto-resistance component (GMR component), 
etc. as a magnetic detection sensor 917 is used. These film forms membranes 
by the spatter, vacuum evaporation technique, the ion beam method, etc. 
Patterning of the magnetic detection sensor 917 is carried out to the 
predetermined width of recording track using a photoresist process and an ion 
milling process. Depth lay length (MR height) is also formed in coincidence at 
this time. Although magnetic detection sensor thickness is decided with sensor 
sensibility, it usually has the thickness of dozens of nanometers. Geometric 



sensor length (regenerative-track width of face) is decided from the magnetic 
width of recording track of a sensor the track density of a magnetic disk drive, 
and own. MR height is decided from the process tolerance of surfacing side 
processing, the demand output to a sensor, etc. Although it will be greatly 
dependent also on the design concept of equipment if it is the surface recording 
density of 2 Gb/in square extent, the width of recording track of a little more than 
2 micrometers and the value of MR height grade of a little more than 1 
micrometer are considered. Electrodes 914 and 918 are formed in both the sides 
of the magnetic detection sensor 91 7 in order to transmit supplying a current to a 
sensor, and electrical-potential-difference change of a sensor to amplifier. An 
electrode 914,918 is created using the lift-off method of a photoresist process. 
Electrode 914,918 and field detection sensor 917 both ends are made in 
agreement by adopting the lift-off method, and a flow can secure good. An 
electrode material adopts a cascade screen with the magnetic-domain control 
film stated to good conductors, such as Au, Ta, Cu, and aluminum, and a degree 
in many cases. The magnetic-domain control film consists of film which 
combined a ferromagnetic or the antiferromagnetic substance, and a soft 
magnetic material, and the duty which stabilizes a magnetic detection sensor 



magnetically from both ends is achieved. On the magnetic detection sensor 917, 
the film of aluminum 203 or Si02 grade is deposited as similarly as the point 
Furthermore, the up shielding 913 is deposited on it The up shielding 913 is 
used also [ magnetic pole / of the head for record / lower ]. The role for the 
magnetic detection sensor 917 is the same as that of the lower shielding 915. 
The up shielding 913 can perform adoption of the technique same also with an 
ingredient and a laminating process as lower shielding. The field across which it 
faced with the up shielding 913 and the lower shielding 915 is called a playback 
head gap. The magnetic detection sensor 917 is stored into this playback gap. It 
is the parameter which says the thickness lay length of a playback gap as 
playback gap length, and determines the spatial resolving power of the 
reproducing head, the field record which it is necessary to shorten playback gap 
length for raising track recording density, and is 2 Gb/in square extent - if dense, 
it is about 0.3 micrometers. The thickness of an electrode is decided from 
constraint of this gap length. 

[0025] The most important element in this example is the lower magnetic pole 
913 and the up magnetic pole 911 for record which served as section shielding 
besides for playback. The lower [ up shielding-cum-] magnetic poles 913 differ in 



the die length by the side of a medium opposed face about a playback side gap 
(below) and a record side gap (above). An upper convex configuration is formed 
combining a photoresist process and an ion milling process. That is, after 
depositing a lower magnetic pole, the configuration shown by Wg2 to leave is 
met, and a resist is formed. Then, a resist is used as a mask and a convex 
configuration is formed by milling, although it thinks that the depth which carries 
out milling changes a little with the coercive force of a medium, and flying heights 
-- them - pondering record gap length's 1.5- it is required more than twice. 
Moreover, as another formation approach of a convex configuration, the plinth of 
heights is formed first, on it, frame plating is used and the upper part of heights is 
formed. Since there should just be 2.0 or more-time height of the heights upper 
part at this time from 1.5 of a gap, and it is not necessary to make it high with 
4-5um like the up magnetic pole of structure before, formation is easy. Although 
omitted in drawing 9 , on the lower magnetic pole 913 formed in this way, the 
gap film of aluminum 203 or Si02 grade is deposited more thickly as similarly as 
the point. Then, the height of a convex center section and the both ends of the 
lower magnetic pole 913 is arranged for the gap film according to mechanical, 
chemical, or the planarizing process (mechanization study-polishing) that 



combined both. It controls so that the remaining thickness of the center of lower 
magnetic pole heights of the gap film at this time serves as record gap length. Or 
flattening may be carried out until it arrives at the upper part of the heights of the 
lower magnetic pole 913, and predetermined thickness (usually 0.1 - 0.5um 
extent) may be made to deposit aluminum 203 and the Si02 grade gap film 
again on it. Next, the coil 912 which energizes a record current is formed on a 
record gap. A coil forms good conductors, such as Cu, after resist frame 
formation using a plating process. Coil number of turns are determined as a 
record frequency band from the recording efficiency of a head. That is, since the 
tip configuration of a head becomes small and head effectiveness falls by narrow 
track-ization, record magnetomotive force must be heightened. Moreover, if a 
record record frequency band becomes large by one side, in order to lower a coil 
inductance, it is necessary to lessen number of turns. Coil number of turns are 
determined from these two contradictory factors. Conventionally like [ in this 
example ] drawing 3 , the magnetic reluctance to the magnetic flux which **** in 
a coil compared with a structure recording head is small, and since it is thought 
that it is efficient, the effectiveness that number of turns are lessened and the 
large head of a record frequency band can be realized rather than before is also 



considered. Furthermore on a coil, it is filled up with high insulation resin like the 
resist material for an insulation, and, finally the up magnetic pole 91 1 is formed. 
The up magnetic pole 91 1 is formed ranging over a coil 912, and is magnetically 
combined with the lower magnetic pole 913. The up magnetic pole width of face 
Wg1 from a medium opposed face should just excel in one side more than twice 
from 1.5 rather than the lower magnetic pole width of face Wg2 at least. 
Although patterning may be carried out by the width of face same about the 
depth direction, in order to improve recording efficiency, you may make it large a 
little. However, since the magnetic mass of a magnetic path will increase if it 
extends beyond the need, it becomes the cause of reducing a record frequency 
band. I think that about a little more than 20 micrometers is enough as width of 
face from this reason. I think that about 2-3 micrometers is enough as the 
thickness of the up magnetic pole 911. 

[0026] By this example, although up shielding of the reproducing head and the 
lower magnetic pole of a recording head indicated the structure of combination, 
the structure which separated these film is also considered. In this case, since a 
recording head and the reproducing head can dissociate completely and the bad 
influence of a record field to the reproducing head becomes small, it is made on 



the head which was more excellent in quality. 

[0027] Moreover, the upper recording head is arranged downward from the 
lower magnetic pole 913 as an example of transformation of this example, and 
the example which forms the reproducing head on it is also considered. In this 
case, since a degree of freedom increases in the creation process of a recording 
head at a manufacture process, such as elevated-temperature-izing of 
membrane formation temperature, the head which was excellent in the record 
engine performance can be created. As a fault, since a recording head is 
structure with many level differences, flattening processing is needed for every 
membrane formation process, and we are anxious about complication of a 
process. 

[0028] Drawing 10 plots the ratio of the effectual recording width We to drawing 1 
and the geometric recording head width of face Wg of this invention of drawing 
2 , or the head of each conventional structure, and the effectual elimination width 
of face Ee from the count result of field distribution curves, such as inside of the 
field by the computer. Effective recording-width ratio = it defined by We/Wg and 
effective elimination width-of-face ratio =Ee/Wg. The main conditions of count 
are as having mentioned above. In the recording head of the conventional 



structure of drawing 2 (1) shown in (a), an effectual recording width is narrower 
than a geometric dimension, and elimination width of face becomes large 
conversely. It turns out that it is structure very disadvantageous as a head of 
narrow track structure. In the recording head of the structure which trimmed the 
lower magnetic pole of drawing 2 (2) shown in (b), the effectual recording width 
of what can decrease effectual elimination width of face is hardly conventionally 
different from structure. Moreover, the deflection of a magnetization transition 
region edge is not so much improvable, either. The recording head of the 
structure of drawing 2 (3) shown in (c) can bring a recording width close to the 
geometrical dimension of a recording head mostly, (d) shows the case of the 
head of the example by this invention of drawing 1 . Although this head is 
carrying out the laminating of the high ingredient of saturation magnetic flux 
density to the record gap side of an up magnetic pole, other configurations are 
the same as (c). It is possible for the saturation region of an up magnetic pole to 
become narrow with a high Bs ingredient (truck cross direction), and to bring 
effectual record (elimination) width of face close to a geometrical dimension 
further with this structure. 

[0029] Generally the magnetic recorder and reproducing device is equipped with 



the circuit device which changes the drive system which drives the record 
reproducing head, this head, and a record medium and digital one, or analog 
information, and records a signal on a medium through a recording head, and 
the circuit device in which the signal from the reproducing head is changed into 
digital one or analog information. By carrying the high density record 
reproducing head of this invention in such equipment, equally, the elimination 
width of face Ee and the recording width We of the truck cross direction of a 
record bit which were formed in the medium become narrow, and realize a high 
track density magnetic recorder and reproducing device. 
[0030] 

[Effect of the Invention] As explained above, according to the record playback 
discrete-type combined head of the structure of this invention, following various 
effectiveness is expected. 

(1) A uniform magnetization pattern without deflection can be formed in the 
magnetization transition region of the truck cross direction. For this reason, the 
read/write design which raised track recording density conventionally is attained. 

(2) Since elimination width of face is lost between adjoining trucks and recording 
track width of face becomes narrow, it becomes possible to raise track density 



further rather than before. 

(3) Since a head with high recording efficiency is realizable, it can record with 
low magnetomotive force as a result, and coil number of turns can be lessened. 
Consequently, the head which was excellent in the RF property that a record 
band is large is realizable. 

(4) The manufacture process of the magnetic pole of a recording head can be 
simplified. The surfacing side configuration of for example, an up magnetic pole 
is 1 micrometer in width of recording track, and at least 4-5micro or more of the 
height is conventionally required of structure. Thus, for making the magnetic 
pole of a longwise configuration, in an ion milling process, it is impossible and 
plating must be adopted. It is very difficult to carry out mass-production formation 
of the longwise configuration within a predetermined precision (for example, less 
than **10%) also in this plating. If this invention is used, since the process that 
such difficulty is high becomes unnecessary, it will become it is cheap and 
possible [ supplying the high head of quality ]. If this head is furthermore used for 
a magnetic recorder and reproducing device, the equipment of mass high 
density high quality will be realized conventionally. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram seen from the medium opposed face 
side of one example of the record playback discrete-type combined head by this 
invention. 



[Drawing 2] It is the schematic diagram seen from the 2 of conventional record 
playback discrete-type combined head, and medium opposed face side of the 
example of 3. 

[Drawing 3] It is the explanatory view of the record process by the record 
playback discrete-type combined head of the conventional structure of drawing 2 

(1) - 

[Drawing 4] It is the explanatory view of the record process by the record 
playback discrete-type combined head of the conventional structure of drawing 2 

(2) . 

[Drawing 5] It is the explanatory view of the record process by the record 
playback discrete-type combined head of the conventional structure of drawing 2 

(3) . 

[Drawing 6] It is the explanatory view of the record process by the record 
playback discrete-type combined head of this invention of drawing 1 . 
[Drawing 7] It is drawing explaining relation with the adjoining truck of the record 
process by the record playback discrete-type combined head of this invention. 
[Drawing 8] It is drawing explaining relation with the adjoining truck of the record 
process by the conventional record playback discrete-type combined head. 



[Drawing 91 It is drawing showing the detail configuration of one example of the 
record playback discrete-type combined head by this invention. 
[Drawing 10] It is drawing which explains the difference between the effectual 
recording width of the head of structure, and another DDO of the example by this 
invention, and effectual elimination width of face conventionally. 
[Explanation of agreement] 
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KHI-PEatf* 7 7°il© 1 . 5fr£ 2 fg#±l£< LfcH 
filctt^o cn^T»Ii:±Ml©^«, 1212 
(3) O'VyK fcS*Wfc|B|i;T'fc«tf, *fgHHT*«\ 

Mi^ 2 «W±0#&TM»# U Eg=P+ 7 Tteift^ 
[0 0 16] TM^©o^^fM-r§#ist LT 30 

it) k iHire^ e * h u v J; § yyx h 7 h , ^ 

L T t J; k £ © £ f GiiBfr & ©/jp 

i»stt'>ft < i: t , e«#+ 7 ti§© i . 5 fg^e. 2 

flSW±fctSo [5J«©/jfJ_T^ffii:LT, -r*yt:-A* 
[0 0 17] *aWt«SESII4»flS!'N'y Km 

esk H4t s h u- u > y«j©^«ii»**<stj h 7 40 

7 7 oXffift ft 0 , ~F3»W> 7 7°iJ©l|5f 

S**i£ i: ($13:15] i;«©iK{b»»jS«tf t So & x 

Wi&tZft. (216 (1) fe<ttf06 (2) (C7jVf<fc5 

fc, iB^h77^ifsw4tt^T-r^^M6 1 as 

m E 4- £IB£ffiW 4 ti H U- 'J y 71IJ t ft 5±»lf J 
T*fcfe£Sns 0 C©fc46, «^-f^LTl/^ch77 
*M*©}fiS flH«ft<4 < ft 0 , tm h 7 7 7 M 7 f-rt © 

^fti^i^^ti/jp-r^o sfc, mmmmwm 

SfSOKl/ (SI B s ttfl) ^ffl^SCfcJCtOOSf 50 
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©JEtfD (E£flii£ft£ffi) */hS<T**, tttftTfiS 
trh'MH©^ 7 7l(i|-J'riW g 2 ten LV«1iWm 

[0 0 18] 

7 K©-^l^l^affi^#MLft^5>^-r§ 0 Ell 

W|oJM^5)^Lfc¥ffiJI2l7^^o 121 1 fcfel/vr, l 1 1± 
Tg|5^-;b KT\ ^©M$Wg 4 {±'>ft < i: t K^Mi 
■ty-WfU 6©itliW±©S$^#^, /n-?o^ -fey 
^"X K^©i|iMttWI- : ^X^7 y+aicj:0I 
fIL/ct©^J- : F|v^n^o T»->-;bFl 1 ©±fcH4 
ffl^7 K©«^«jffi-b>-9- 1 6*El-rSo El i -ea* 

t«S"pttsnTEBsn«o rMM^tH-ty+i-i Qim 
tk±<Dmmm*mmmic mm % s mm, mn. 
m>mmT camr^) , z^yswrm?. u± 
mm.wmm- (gmrh?) ft^^^$n§^ 

s^naw^ y e-A^ntc <fc o nsnt §0 -t y 
■9-1 6©Wc«|sj^(cx/^7^?i, S^ltS-^-f't 
y AffifBCcfcoT, jffJBSftfcWi l 2^ES$n 
5o «U 2{i-by-9-gfU 6tc«^#t^f ^^jtfc, 

iE©^fb^iietfEX.§se^m/c-r 0 c©/c46, 
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f y m £KZ> TM»I l 3 5> M# ££8t St© 
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Lft^6±^e»T^ljiT§ 0 (fefblW^ti h b-U 
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F© J: 3 h u- ij y^ij©^i^ttti^*s^ u -rV > 
^©^liWftlS^J: D k-fiWI£ N Mil D ©HEil h 5 
>y*fc©*!ftuiB£f!l«7 0 3^M?tlft© 0 Sfc, 
h b- u y^{PJJ©^Wffiililcft^ D ^'>ft^fc46> h 
7 7 ^d^Wtcfefc o TJtfr£|pJ£S* ft«ft»£iB8 
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^^-mmmitmzttLxm mx\ h 5 7 
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-;bK9 l 3(i, mmfft^v Y<D~m®MtmiT^ 
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HI® 9 l iT-&So _h3i->-;bFIT«l9 J 3 till 
£||J4^7 7 (TiJ) ^fidBil^^7 7' (±il) 

wi^ffiij©« $ s o ±\mamm ythuy^ 

h 7°u -tr x ^ y 5 U y ^"7p -tr X *ffl*^t»-&T 
JfMtSo tftto-^, TglW^ttm Wg2T-7?sL 
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o 2 if©^+ 7 ^wi^fffttiftacrs. ^©m, 7 
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ffMTSo 3-Y;W4C uftif©^#i*^uy*xF7y- 
AMfl ^7+7p-bX^ffl^TffMtSo 3-Ol/# 

t . ^7 Fvmmmfrz&fezn 

So t^hmhyy^iticX-oX, ^7FO»tt 
^ifi6ft<TtiftP.fti/> 0 -ST'lSSEaUSilSft 
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i: T* £ § fe ©©, £&tt&E£Hifc):i&ttlt£ £lS.£h, 
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ttttSCfctf-etSo (d) (i01©*^WCJ:i)llffi 
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